Background
Abstract Background
Asthma, wheeze and eczema are common in early childhood and cause considerable morbidity. Generally rates of these conditions are higher in high income compared to low income countries. Rates in developed nations are generally higher than in less developed countries. After migration to Western countries, differences in risks of developing these conditions may between migrant and non-migrant may diminish.
Methods
A convenience sample of 1648 children of White British, Pakistani or Other ethnicity aged between 4 and 5 years were recruited from the main Born in Bradford cohort. Children's parents or guardians were asked to report on a range of potential risk factors and their associations with wheeze, asthma and eczema. Relationships between ethnicity and disease outcomes were examined using logistic regression after adjustment for other relevant risk factors and confounders.
Results
Ethnic differences in doctor diagnosed asthma were evident, with children of Other ethnic origin being less likely and children of Pakistani origin more likely to have a diagnosis than White British children, even after adjustment for other risk factors this difference only remained significant for the Other ethnic group. Ethnic differences were not observed in other outcomes including wheeze in the past 12 months, severe wheeze and taking medications for breathing problems.
Conclusions
In UK born children, traditional risk factors such as gender, family history, socio-economic status and child's medical history may be stronger risk factors than ethnicity or familial migration patterns.
Methods
A sub-cohort of children from the Born in Bradford cohort study were recruited to participate in this study of asthma and allergy; this work was conducted as part of a larger EU FP7 project entitled Mechanisms of the Development of ALLergy (MeDALL) [16] . This subcohort consisted of a convenience sample of 1648 children aged between 4 and 5 years recruited between 22nd October 2012 and 24th April 2014 whose parented consented for participation. Full details of the main Born in Bradford study and recruitment processes have been reported elsewhere [14] . Children's parents or guardians were asked to report on a range of potential risk factors and their associations with wheeze, asthma and atopy. Children's ethnicity was assigned based on maternal self-reported ethnicity and classified as White British, Pakistani and Other. We excluded responses from cases where maternal ethnicity was missing (excluded n = 2), resulting in an eligible study population of 1646 children and their carers; which was predominantly their mother (n = 1621) or father (n = 22).
Clinical outcomes
Wheeze: defined as self-reported wheeze in the past 12 months. Severe wheeze: defined as reported wheeze on four or more occasions in the past year. Asthma: defined as a positive report of doctor diagnosis of asthma ever. Eczema: defined as a positive report of ever been diagnosed by a physician with having eczema/atopic dermatitis. Medication use: defined as a positive response to question asking if child had received medication for asthma or other breathing problems during the previous 12 months.
Statistical analysis
The variables included in the analysis were based on previous literature, and in the case of socio-economic variables, were selected to ensure that a wide range were considered as our previous work in the cohort has shown that socio-economic measures and health behaviours may differ between different ethnic groups [17, 18] . In particular, we considered adjusting for variables that have previously been shown to be associated with wheeze, asthma, eczema or medication usage in childhood. These included mothers age at delivery, maternal history of asthma or atopy (yes vs no), paternal history of asthma or atopy (yes vs no), maternal smoking during pregnancy (yes vs no), child currently exposed to smoke (yes vs no), visible signs of mould or damp in the home (yes vs no), gas cooker used in the home (no, yes always use an extractor fan, yes sometimes use a fan, yes never use a fan) mother born abroad (yes vs no), father born abroad (yes vs no), child seen doctor for chest infection in the past 12 months (yes vs no), born at term (yes vs no), gender of child (male vs female), ever breastfed (yes vs no), older sibling (yes vs no), birthweight (<2500g, 2500-2999g, 3000-3499g, 3500-3999g, >=4000g), mode of birth (vaginal vs caesarean), ever eczema ever (yes vs no), ever had a problem with sneezing, or a runny or blocked nose when s/he did not have a cold or the flu (yes vs no) and mother's BMI at first pregnancy appointment with a midwife (booking). We included three different socio-economic indicators: highest maternal education level reported in the baseline questionnaire; (categorised as less than 5 General Certificates of Secondary Education (GCSEs), >5 GCSEs, A level, Degree Level, Other, Foreign Unknown or Other); current home ownership (yes vs no); and subjective poverty (yes vs no). Subjective poverty was derived by asking women how they felt they were managing financially and were classified as subjectively poor if they responded that they were "finding it very difficult" or "finding it quite difficult" and not subjectively poor if they responded that they were "living comfortably", "doing alright" or "just getting by".
Comparison of characteristics between study participants of different ethnic backgrounds was performed using Chi square tests to investigate differences in proportions and ANOVA or Kruskall-Wallis tests to compare continuous data items. Univariate associations between covariables and outcomes were estimated using logistic regression. The optimal inclusion of socioeconomic variables into final mutually adjusted models was determined by creating models with different combinations of socio-economic variables and calculating the Bayesian Information Criterion (BIC) to determine the most parsimonious model. The model with the lowest BIC value for each clinical outcome was chosen as the final model. All logistic regression analyses used complete case analysis only. Output from models was expressed as odds ratios and 95% confidence intervals of the effect estimates and corresponding p values provided. Estimates were assumed to indicated statistically significant differences if p values < 0.05. All analyses were conducted using Stata SE 14.1 (Statacorp, Texas).
Results
The baseline characteristics of the participating mother-child pairs, by ethnicity, are shown in Table 1 Socio-demographic characteristics differed between the different ethnic groups. Mother's age at delivery was youngest for mothers of Pakistani origin followed by mothers of Other ethnicity and of White British origin. Women in the Other ethnic group were more likely to have a degree or an A level education (or equivalent) followed by White British and Pakistani women. Mothers of Other ethnic origin were most likely to report that they were managing financially whilst White British mothers were least likely to report this. Mothers of Other ethnic origin were most likely to be born abroad compared to mothers of White British and Pakistani ethnic groups, whereas fathers of Pakistani children were most likely to born abroad compared to fathers of White British and Other ethnic origin. Rates of home ownership were highest amongst Pakistani respondents.
There were also ethnic differences in specific household environmental risk factors; White British families were most likely to have gas cookers and use them without an extractor fan or only sometimes use an extractor fan, whilst children of Other ethnicities were slightly more likely to have visible damp in their homes. Children of Pakistani origin were more likely to have been born low or very low birth weight, delivered vaginally rather than via caesarean, and have an older sibling compared to White British and Other ethnic groups. Children of Other ethnic origin were most likely to have ever been breastfed, followed by Pakistani and lowest in the White British group. Minimal ethnic differences were observed between the prevalence of term birth. Eczema prevalence was highest in children of White British origin compared to children of other ethnic groups. Table 2 below presents the patterns, by ethnicity, of all outcomes examined. Wheeze in the last 12 months was highest in children of Pakistani ethnicity, followed by children of White British and Other ethnic groups. In contrast, severe wheeze and eczema was highest in the White British group followed by those of Pakistani and Other ethnic background. Doctor diagnosis of asthma and medication usage for asthma or breathing problems was consistently highest in children of Pakistani origin followed by children of White British and then children of Other ethnic background. All potential confounders were explored in two different models for each outcome of interest. The first model (Table 3) examined the univariate associations between the various measures of socioeconomic position and all five outcomes; the second model mutually adjusted for all variables (Table 4 ).
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Wheeze in the past 12 months
Mutual adjustment of variables showed that the odds of wheeze in the preceding 12 months was higher if the child had eczema ever OR 1.71 (1.25-2.34), had a history of sneezing, runny or blocked nose when no cold 2.60 (1.88-3.61), has seen a doctor for a chest infection in the previous 12 months OR 7.29 (5.20-10.20) , had a birthweight of less than 2500 g OR 2.08 (1.17-3.69) or whether their mother had been overweight at the beginning of her pregnancy OR 1.44 (1.01-2.05). Additionally use of gas cooker was associated with elevated odds whether a gas cooker was used and also always used a fan OR 3.26 (1.48-7.19 ), sometimes used a fan OR 3.09 (1.38-6.92) or never used a fan OR 2.72 (1.23-6.01).
Severe wheeze
Mutually adjusted models showed that the odds of severe wheeze were higher in children who reported sneezing, runny or blocked nose when no cold OR 3.97 (2.28-6.92) and reported of a doctor visit for chest infection OR 3.73 (2.10-6.61). Only if mothers place of birth had been abroad was there a lower odds of severe wheeze OR 0.24 (0.11-0.49).
Doctor diagnosed asthma
Odds of doctor diagnosed asthma were shown to be higher in children who reported ever sneezing, runny or blocked nose when not had a cold OR 2.02 (1.37-2.99), seen a doctor for a chest infection in the past 12 months OR 2.92 (1.97-4.34) and having a maternal history of asthma or atopy OR 1.82 (1.25-2.65) and eczema ever OR 2.08 (1.43-3.02) were all associated with higher odds of doctor diagnosed asthma. Reduced odds of asthma were only observed in girls compared to boys OR 0.56 (0.39-0.81) and children of Other ethnic group compared to White British OR 0.35 (0.13-0.96). Pakistani ethnicity was not statistically significantly associated with increased odds of doctor diagnosed asthma.
Doctor diagnosed eczema
Odds of doctor diagnosed eczema were higher in children who had problems with sneezing when didn't have a cold OR 1.83 (1.36-2.46), had a maternal history of asthma or atopy OR 2.18 (1.67-2.84), were living in a home with visible signs of dampness or mould OR 1.37 (1.02-1.85) or had been born via caesarean section OR 1.59 (1.17-2.15). Lower odds were associated with having older siblings OR 0.60 (0.45-0.80) and being born <2500 g compared to 3000-3500 g OR 0.48 (0.27-0.85).
Medications for asthma or breathing problems
Having eczema ever OR 1.82 (1.33-2.50), ever sneezing or having a runny nose ever when not having a cold OR 2.58 (1.86-3.59), maternal history of asthma or atopy OR 1.52 (1.11-2.08), having seen a doctor a chest infection in the previous 12 months OR 4.98 (3.55-7.00) and use of a gas cooker in the home whether always using an extractor fan OR 2.52 (1.18-5.38), sometimes uses a fan OR 2.83 (1.30-6.15) or never uses a fan OR 2.40 (1.12e5.17) were all positively associated with medications for asthma or breathing problems. Female gender OR 0.66 (0.49-0.89) was however associated with a lower odds of receiving medications in line with the reduced risk of respiratory problems for girls.
Discussion
This study has found ethnic differences in the prevalence of doctor diagnosed asthma, with children of Other ethnicity less likely to receive a diagnosis than White British or Pakistani ethnicity children. However, no significant ethnic differences were observed for wheeze in the last 12 months, severe wheeze, doctor diagnosed eczema or taking medications for breathing problems or asthma, even after adjustment for other risk factors. For all five outcomes evaluated, one variable had consistent positive associations with outcomes: sneezing or having a runny nose ever when not having a cold and having whilst having seen a doctor for a chest infection in the previous 12 months was associated with higher odds of all outcomes with the exception of doctor diagnosed eczema. For most respiratory and respiratory medication usage outcomes, with the exception of severe wheeze, ever having eczema was associated with higher odds of these outcomes. Well established factors such as gender, family history, socioeconomic status and child's medical history and chest infection were found to be stronger risk factors than ethnicity for the outcomes examined.
Strengths and weaknesses
The strengths of our studies include the large sample size, a homogenous UK born Pakistani comparator group with a rich collection of socio-demographic and clinical data which has allowed for adjustment for a wide range of potential confounding factors. We were also able to adjust for multiple measures of socioeconomic status at different periods of the lifecourse, an approach that has been recommended when examining health inequalities within and between ethnic groups [19e21] . We also adjusted for a wide range of factors relating to maternal and paternal migration in addition to ethnic background as well as other established risk factors for asthma and wheeze, although we were unable to adjust for pet ownership or day care attendance as this information was not collected.
Strengths and weakness compared to other studies
Our findings are consistent with results from the Millennium cohort study in finding no difference in wheeze between children of White British and Pakistani or Indian ethnic origin children [22] in the early years. Our findings of higher rates of doctor diagnosed asthma in Pakistani compared to White British children, although not achieving statistical significance, are similar to those of Panico et al. [22] who had used a definition of asthma ever. Irrespective of the definition used, results for asthma both from ours and earlier studies should be interpreted with caution given the diagnostic uncertainty of asthma in the age groups under study. Our results are also based on a UK born Pakistani population which may also explain the similarity of some of our findings to those of Panico et al. [22] . With the exception of the current study and that of Panico et al. [22] , previous studies of ethnic differences in wheeze, asthma and asthma treatment in the UK including Pakistani participants, analysed their data as part of a homogenous grouping of South Asian participants. A previous systematic review and meta-analysis of ethnic variations in asthma frequency and morbidity concluded that the prevalence of asthma and wheeze was lower in South Asian populations than observed for White children; however these studies were limited by the heterogeneity of ethnic groups included, and the lack of adjustment for migration status [11] . The other variable that is perhaps more likely to have influenced the lower prevalence results observed for South Asian children in the systematic review is the socio-economic profile of the included participants which will vary amongst and between different South Asian groups. South Asian women of Indian ethnic origin are more likely to be economically active compared to women of Pakistani and Bangladeshi ethnic backgrounds [23] and children of Bangladeshi and Pakistani origin are more likely to be economically deprived than Indian children [24] . Our findings for eczema are consistent with earlier findings in showing lower rates of eczema in children of Pakistani origin compared to White British children. Lower rates of eczema in Pakistani children are likely related to the lower rates of familial history and higher likelihood of being in a low socio-economic group, given previous consistent findings showing higher rates of eczema in offspring born to parents with asthma and/or eczema and those of higher socio-economic status [4, 25, 26] . We selected children for inclusion in this study based on their age based on those already participating in the overall Born in Bradford study. Compared to the main Born in Bradford study population [14] we have oversampled children of Pakistani ethnicity in this current subgroup which has enabled examination of parental migration effects. Whilst our results are likely representative of the Bradford district they may not be representative childhood populations in other UK cities.
Conclusion
The finding of a higher prevalence of doctor diagnosed asthma for Pakistani children in this young age group, in contrast with the lack of ethnic difference in asthma symptoms, may suggest greater medicalization of wheeze and respiratory symptomology for these children.
The findings of the current study confirm the conclusions of the Millennium Cohort study [22] , suggesting that associations between wheeze, asthma, eczema and medication usage for South Asian children are not homogenous. Authors of future studies should present results by different South Asian origin and report the migration status of the populations studied so that evidence generated will have greater validity and generalisability.
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